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physiologic pH via t he sulfydryl groups. However, we have 
demonstrated t hat although DNSCl does conjugate to protein 
via the sulfydryl groups, t his is not exclusive as it a lso binds 
via the amino radicals. In addit ion, we have shown t hat DNAM, 
which is reported to be a classical blocker of sulfydryl groups 
[15], a lso reacts wit h amino groups. 
By reacting the haptens with BSA for 24 h it would appear 
t hat DNCB, DNTB, and DNIB have very similar reaction rates 
and bind primarily via sulfydryl groups. However, when t he 
reactions were a llowed to proceed for longer it was evident that 
the 3 haptens react very different ly. Both DNCB and DNIB 
react very slowly but, wit h t ime, both haptens bind to BSA 
through free amino groups. However, these experiments dem-
onstrate conclusively that even after 8 days DNTB will bind to 
BSA only via its free sulfydryl radicals. 
One of the possible ways in which a substance might be an 
epicutaneous tolerizer could be by at taching to protein through 
hydrogen bonds. Magu ire and Chase [14] claimed that picric 
acid conjugated to proteins via hydrogen bonds and our work 
has subsequently confirmed this. However, t reatment of guinea 
pigs wit h picric acid epicutaneously, before sensitization with 
picryl chloride, did not induce tolerance. It was found that 
picric ac id did bind noncovalently to proteins and this bound 
primari ly to amino groups and not to the sulfydryl radicals. 
It appears, therefore, that t he reason that DNTB is an 
epicutaneous tolerizer in contact sensit ivity is that it does not 
bind t hrough the amino groups of the proteins but via the 
sul fydryl groups. From these findin gs it wou ld seem that, in 
t he search for new substances t hat might be used as epicuta-
neous tolerize rs in an industrial situation, one must look for 
chemicals t hat bind to proteins exclusively via their sulfydryl 
groups. 
We wish to thank Miss Margaret J acques fo r her excellent technical 
ass istance. 
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Adherent monolayer cultures of monocy tes at two 
s tages of maturation w ere exposed to long-wave ultra-
violet radiation in the presence and absence of 8-meth-
oxypsoralen. A remarkably predictable, dose-related le-
thal effect was seen, suggesting that mesenchymal cells 
in general may be sensitive to photochemotherapy 
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Abbreviations: 
8-MOP: 8- methoxypsoralen 
PBS: phosphate-buffered saline 
PBSA: PBS conta ining Ca++ and Mg++ and 0.5% human serum 
albumin 
PUV A: psora! en + UV A 
UV A: long-wave ul t raviolet radiation 
(PUVA). Both xp.onocytes and m acrophages were le -
thally damaged with doses that may r each the dermis in 
the course of normal clinical therapy _ 
The long-wave ult raviolet (UV A) radiation employed in pho-
tochemotherapy (PUV A, psoralen + UV A) penetrates deeply 
into the skin . Thus a wide range of cell types is exposed to 
potent ial phototoxic damage during the therapeut ic use of t his 
modali ty. These include dermal components such as lympho-
cytes, macrophages, t he endothelial lining cells of t he capillar-
ies, and (albeit at low doses) the circulating blood cells, in 
addi t ion to t he various epidermal cells. 
Among the epidermal cells, t he Langerhans cell s are exquis-
itely sensit ive to P UV A, and possibly also to UV A radiation 
[1- 4]. Since it is probable that they are derived from t he 
mononuclear phagocyte lineage [5,6], it is reasonable to ask 
whether monocytes and macrophages share this pronounced 
sensit ivity and indeed to speculate whether damage to such 
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cells in the dermis might" contribute to the therapeutic effect of 
PUVA. We have therefore carried out a quantitative investi-
gation of the phototoxic effects of PUV A on blood monocytes 
in vitro, in 2 stages of maturation; our findings are presented 
in this communication . 
MATERIALS AND METHODS 
Materials 
Media for ce ll culture were obtained from Gibco. 8-Methoxypsoralen 
(8-MOP) was supplied by Sigma, all other chemicals were of analytic 
reagent grade and purchased from Merck (Darmstadt, F.R.G.) . 
Irradiation was carried out under a bank of 8 Sylvania lamps (type 
F15 T8) mounted inside an incubator lined with reflective foil. The 
emission spectrum showed a continuous, Gaussian distribution of ra-
diance at 320- 400 nm with a maximum at 367 nm. The radiation flux 
over the working surface was 4.5 ± 0.5 m W /cm2 outside and 4.0 ± 0.5 
m W /cm2 in t he tubes. T he temperature of incubator and specimens 
was not significantly increased during exposure times. Costar Leighton 
tubes (5-cm2 cul ture surface) , used for cul ture and irradiation, were 
checked for UV t ransmittance of t he top layer. This dropped linearly 
from 97% at 365 nm to 50% at 315 nm; it was virtually zero at 300 nm. 
Subjects were paid volunteers wi t h no personal or family history of 
skin disease. Informed consent was obta ined. 
Culture Technique 
Ten millili ters of venous blood was defibrin ated, centrifuged for 10 
min (3600 g) at room temperature, and the serum removed. The cells 
were resuspended in 15 ml of phosphate-buffered saline containing 
Ca++ and Mg++ (each at 100 mg/L) and 0.5% human serum albumin 
(PBSA) and layered in divided portions onto approximately equal 
volumes of Ficoll-Paque (density 1.077). Mononuclear cells (monocytes 
and lymphocytes) were recovered from the interfaces and washed twice 
with PBSA. The pellet was resuspended in RPM! 1640 medium (en-
riched with 10% autologous serum) at a density of approximately 3 X 
105 cells per ml and 1-ml port ions dispensed into each culture tube. 
The tubes were incubated at 37•c for 2 h to permit monocytes to 
adhere. The bulk of the lymphocytes was then removed by repeated 
washing with PBSA. The fin al density was in t he range of 3- 10 x 10' 
cells per t ube or 0.6- 2.0 X 10'/cm2• 
In some experiments the ce lls were immediately processed further 
as below; in others the original culture medium was replaced and the 
monocytes allowed to mature at 37•c for 1 week prior to irradiation. 
Experimental Design 
In brief, experiments were designed to study the effect of 4 doses of 
UVA at each of 2 different concentrations of 8-MOP (plus appropriate 
controls) and cell survival was then followed by daily count of adherent 
cells during the subsequent 4-day period. 
Stock solutions of 8-MOP (0.5 and 2 mg/ml) were prepared in 
dimethyl sulfoxide (DMSO). All irradiations were carried out in phos-
phate-buffered saline with Ca++ and Mg++ but without albumin (PBS), 
as UVA-radiation products of proteins may be toxic [7] . Working 
solutions were prepared by diluting the DMSO stock 1:1000 in PBS; 
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FIG 1. Percentage survival of monocytes (n = 9). No 8-MOP, no 
UVA (0--0); no 8-MOP, 4.8 J /cm2 UVA (0----0) ; 2 JLg/ ml 8-MOP, 
4.8 J/cm 2 UVA (~). 
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thus t he final concentrations of 8-MOP were 0.5 and 2 JLg/ml and 
control solutions contained 0.1% DMSO in PBS only. 
In the case of fresh monocytes 1 ml of working solu tion was added 
to the culture immediately afte r washing, whereas with " matured" 
monocytes t he medium was removed and the cells rinsed with PBS 
prior to addition of working solution. Cultures were irradiated (at 4.0 
mW /cm2 ) for periods of C, 2, 5, or 20 min. After removal of working 
solu tion and washing with PBSA, t he cent rifuged cultured medium was 
returned. 
Daily cell counts were made using a calibrated objective (10 fields of 
1 mm2 ), starting immediately after irradiation. 
Statistical Analysis 
Differences between experimenta l groups were evaluated using the 
Snedecor "F-test." 
RESULTS 
Culture Technique 
Naphthyl esterase staining showed an initial admixture of 
adherent lymphocytes (about 20%); after 1 day virtua lly a ll 
remaining cells were monocytes, distributed as a disperse mon-
olayer. Their adherence implicitly was a reliable and s imple 
parameter of viability, as proved by exclusion of trypan blue by 
adherent cells and by t he absence of viable monocytes in 
supernatants. During the treatment with ~UV A, there was 
virtually no immediate loss of cells and afterwards in cu lture, 
the cells did not proliferate. The monocytes, especially t he 
nontreated r.1onocytes , showed morphologic changes of matu-
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FIG 2. Summary of cell death during the exponential phase (days 
1- 4) for monocytes (A) and macrophages (B) (both n = 9). Open 
squares= < 30% per day (not significantly different from t he control). 
Shaded squares = 30- 50% per day (different from contro l at p < 0.02). 
Black squares=> 50% per day (different from cont rol at p < 0.001). 
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ration, similar to those described by others [8,9]. Notably t he 
"matured" ce lls had increased markedly in size and were oval, 
histiocyte-shape, or dendritic, with increased cytoplasm-nu-
cleus ratio and granulation. Cells irradiated at this stage are 
hereafter referred to as "macrophages." 
Effects of PUVA 
Typical survival curves for cu ltu red monocytes are shown in 
Fig 1. It is seen t hat 2 quite separate events can be distin-
guished. Firstly, extrapolation of all curves indicates an initial 
loss of 40- 50%; this figure was remarkably constant and was 
independent of 8-MOP concentration or of UVA dose. The 
cells t hat fail to ac hieve long-term adherence obviously include 
contaminating lymphocytes but presumably a lso a monocyte 
subpopulation. Secondly, t here is a continuous exponent ial loss 
(represented by t he slopes of the semilogarithmic plots in Fig 
1) which is clearly dose-related. Corresponding survival curves 
for macrophages (not shown) revealed an exponentia l decay 
t hroughout t he experiment, t he high initial loss not being seen . 
The actua l slope of the exponential phase of each cu lture 
was calcu lated as percentage cell loss per day, and these data 
are summarized in Fig 2. It is seen that PUV A has a remarkably 
consistent, dose-related lethal effect at both 8-MOP concentra-
t ions; UV A alone has a smaller but significant effect at t he 
highest doses employed. Although monocytes (Fig 2A) seem 
marginally more sensit ive to PUV A t han macrophages (Fig 
2B), t his difference was not statistically significant. 
DISCUSSION 
The in vitro effect of PUV A was evaluated in monolayer 
cultures of monocytes. The use of autologous serum proved 
essentia l to obtain prolonged survival of such cells. The mon-
ocytes grew and matured, but no evidence of mult iplication was 
seen; this situation refl ects t he in vivo state of most mesenchy-
mal ce lls in the sk in. Most other experiments and hypotheses 
relating to the effects of PUV A have been concerned with the 
synthesis of DNA and with cell mult iplication. 
Our study shows t hat, at least in monocytes, PUV A is noxious 
in a nondividing, differentiating stage of development. The 
effect was delayed, the survival curve of PUV A-treated cultures 
continuing to decline relative to t he control for at least 4 days 
after irradiation. It is seen t hat both monocytes (Fig 2A) and 
macrophages (Fig 2B) are killed by PUV A in a remarkably 
predictable, dose-related fas hion. At least qualitatively, our 
findings are thus in line with in vivo data for t he "epidermal 
macrophage" (the Langerhans cell) [1- 4 ) and in vitro conclu-
sions for lymphocytes [10-12). This suggests that a marked 
sensit ivity to PUV A may characterize mesenchymal cells gen-
erally. 
Most diseases responding to PUV A show prominent dermal 
alterations, among t hem an infiltrate consisting in part of 
macrophages. Although it is difficult to extrapolate in vitro 
findings to conclusions regarding in vivo effects, it seems clear 
t hat conditions resulting in significant cell death (e.g., 1.2 J/ 
cm2 UVA at a concentration of 0.5 J.Lg/ml8-MOP) approximate 
to those employed in PUVA therapy. Thus t he macrophage can 
by no means be ruled out as a potential "target" in the clinical 
use of this modality. 
The authors wish to thank Dr. E. E . Roosnek of t he centra l labora-
tory of the Netherla nds Red Cross blood transfusion service, Amster-
dam, for helpful advice on monocyte cul ture. 
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